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ABSTRACT
Objective: This work aimed to determine the optimal extraction conditions of Mahkota dewa using different extraction methods: microwave-assisted 
extraction with ethanol (MAE-ethanol), ultrasonic-assisted extraction using a choline chloride natural deep eutectic solvent (UAE-NADES), and 
Soxhlet and reflux extractions.
Methods: Experimental design was performed through Box-Behnken. The efficiency of the methods was evaluated based on the total phenolic content 
(TPC) and antioxidant activity. The presence of relevant compounds was qualitatively assessed by high-performance liquid chromatography (HPLC).
Results: For the MAE-ethanol method, optimum extraction was achieved with 65% ethanol, in 1 min under 30% microwave power, and a 1:12 sample–
solvent ratio, which yielded a TPC and antioxidant activity of 62.79±0.74 mg gallic acid equivalents (GAE)/g powder and 30.48±0.32%, respectively. In 
UAE-NADES, the optimal conditions were choline chloride: lactic acid ratio of 1:4 with a 50% water addition, 20 min extraction (TPC and antioxidant 
activity of 65.25 mg GAE/g powder and 26.45±0.02%). The Soxhlet and reflux methods gave a TPC of 49.68±0.59 and 50.98±0.54 mg GAE/g powder, 
and antioxidant activity of 22.87±0.13% and 25.97±0.34%, respectively. Qualitative HPLC analysis showed the presence of quercetin, mahkoside A, 
4,6-dihydroxy-4-methoxybenzophenone-2-O-β-D-glucopyranoside, and mangiferin.
Conclusion: MAE-ethanol was more efficient than the conventional Soxhlet and reflux methods and performed similarly to UAE-NADES in terms of TPC.
Keywords: Antioxidant activity, Mahkota dewa, Microwave-assisted extraction, Natural deep eutectic solvents, Phaleria macrocarpa, Total phenolic content.
INTRODUCTION
Mahkota dewa (Phaleria macrocarpa [Scheff.] Boerl.) is a species of 
shrub of the Thymelaeaceae family and is indigenous to New Guinea, 
the second-largest island in the world [1]. This plant has several 
common names, such as simalakama (Sumatra), makutadewa (Java), 
makuto rojo or makuto ratu (Central Java), and raja obat (Banten) [2]. In 
China, it is called Pau, and in Europe, it is known as crown god or god’s 
crown (Quattrocchi, 2012). Its leaves and fruits have been commonly 
used to treat several conditions, including cancer, cardiovascular 
diseases, diabetes, hypertension, rheumatic and liver ailments, and 
to prevent strokes [3]. Recently, Mahkota dewa was proven to inhibit 
the angiotensin-converting enzyme, which leads to a decrease in blood 
pressure. The pharmacological activity of Mahkota dewa comes from 
the phenolic content which acts as an antioxidant agent [4].
Several secondary metabolites have been isolated from Mahkota 
dewa. The fruit contains icariside C3, mangiferin, 6,4-dihydroxy-
4-methoxybenzophenone-2-O-β-D- glucopyranoside (6,4-DHMP), 
phalerin, and gallic acid [5]. The fruit pericarp has kaempferol, 
myricetin, and rutin, while the mesocarp and seed contain naringin 
and quercetin [3]. In previous studies, the extraction of P. macrocarpa 
was performed with organic solvents, such as petroleum ether and 
methanol, and water [6]. However, the toxicity, degradation, and low 
selectivity are known issues when using conventional solvents for 
extraction processes, which are also usually time consuming. These 
problems are directly related to environmental pollution, cost efficiency, 
and the quality and purity of the final product.
To overcome these limitations, some strategies include the reduction 
of solvent using sustainable technologies, such as microwave- and 
ultrasonic-assisted extraction (MAE and UAE), supercritical fluid 
extraction, among others. Replacing the conventional solvents with 
environmentally-friendly alternatives is another strategy. The use of 
modern extraction techniques can involve both conventional solvents, 
for example, ethanol, or eco-friendly/green solvents. Green solvents are 
non-toxic, effective alternatives to replace organic solvents. An example 
of green solvents is the natural deep eutectic solvents (NADES), which 
consist of a mixture of compounds that are ubiquitous in the cells of a 
great number of organisms, i.e. amino acids, sugars, organic acids, and 
choline derivatives [7].
In addition to being environmentally-friendly, NADES have interesting 
properties that may be useful for natural products’ chemistry. For 
example, Cvjetko Bubalo et al. reported that the extraction of total 
phenolic compounds in grape skins is more effective when using NADES 
than with conventional organic solvents [8]. Similarly, García et al. used 
choline chloride NADES to extract total phenols in olive oil and found an 
increase of 20% in the extraction compared to methanol and water [9].
The aim of this work is to determine the optimal conditions of the 
total phenolic compounds extraction of Mahkota dewa fruit pulp using 
different methods: MAE using ethanol (MAE-ethanol), UAE using a 
choline chloride NADES (UAE-NADES), Soxhlet extraction, and reflux. 
The efficiency of the methods was evaluated based on the total phenolic 
content (TPC) and antioxidant activity.
MATERIALS AND METHODS
Materials
Fruit pulp of Mahkota dewa (Phaleria macrocarpa [Scheff.] Boerl.) was 
acquired from Purworejo, Central Java and was identified by Indonesian 
Institute of Sciences (LIPI). Mahkoside A, 6,4-DHMP, and mangiferin 
were obtained from Dr. Aprilita R. and Sigma Aldrich (USA). Quercetin, 
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urea, 1,1-diphenyl-2-picrylhydrazyl (DPPH), and gallic, tartaric, and 
lactic acids were purchased from Sigma-Aldrich (USA). Butylated 
hydroxytoluene (Bratachem, Indonesia), choline chloride was obtained 
from Xian Rongsheng Biotechnology (China). Demineralized water and 
sodium bicarbonate were purchased from Brataco (Indonesia). Folin–
Ciocalteu reagent was from Merck (Germany).
MAE
Response surface methodology was carried out to determine the 
optimal extraction conditions. Four independent variables with three 
levels each were used to design 27 experimental runs based on a Box–
Behnken design (Table 1), using the Design Expert®10.03 software.
The fruit was dried and pulverized; then, 1 g of powder was placed in 
a 250 mL flat-bottomed flask. Subsequently, the solvent (ethanol-water 
mixture, Table 1) was added to the flask. Three different sample–
solvent ratios were used, Table 1. The mixture was then extracted in 
a modified MAE apparatus (Modena, Italy) at 3 extraction times under 
three different power settings, as indicated in Table 1. The resulting 
mixture was then filtered and the filtrate evaporated in a water bath at 
50°C until a solid extract was obtained. The yield of extract of each run 
was calculated using the following equation:
 







TPC was measured as reported by Bobo-Garcia et al. [10]. The 
antioxidant activity of the extracts was determined using DPPH as 
described by Musa using butylated hydroxy toluene as standard [11].
Preparation and selection of NADES
The salt compound (choline chloride) and hydrogen bond donor 
(HBD) were weighed a determined ratio (Table 2) and mixed. Then, the 
mixture was stirred and heated for 30–90 min in a hotplate at 50°C for 
the solid-liquid compound combinations and at 80°C for the solid-solid 
mixture until a clear solution was formed [12].
One gram of the fruit pulp powder was dissolved in 10 mL of NADES 1, 
2, and 3 (Table 2) and was extracted using an ultrasonic bath (Krisbow, 
China) at 37 kHz for 20 min [8]. The mixture was then filtered and stored 
in light protected-vials. After measuring the TPC [10], the solvent with 
the highest phenolic content was selected for further extraction under 
different conditions (Table 3).
UAE using NADES
The Design Expert®10.03 software was used to obtain the optimal 
conditions for total phenolic extraction. The variables were the choline 
chloride: lactic acid (ChCl: LA) molar ratio, percent addition of water, 
and extraction time (Table 3). From the variables considered, an 
extraction design of 15 runs was obtained.
One gram of the fruit pulp powder was dissolved in 10 mL of the 
selected NADES. Extraction was performed using an ultrasonic 
apparatus for 20–60 min then centrifuging for 20 min at 4500 rpm. 
The samples were filtered to obtain a liquid extract which was 
diluted with demineralized water until the limit of measuring flask 
was reached. The TPC and antioxidant activity were determined 
as mentioned in the MAE process [10]. Antioxidant activity of the 
extracts was determined using DPPH reagent as described in Musa. 
Butylated hydroxytoluene was used as standards for comparing the 
antioxidant potential [11].
Soxhlet extraction
Dried and pulverized fruit pulp (20 g) were extracted in 70% ethanol 
for 6 h using a Soxhlet apparatus. The resulting mixture was allowed 
to cool overnight to yield the optimum content of phenolic compounds. 
The extract was dried with a rotary vacuum evaporator and then in a 
vacuum oven at 40°C. The TPC and antioxidant activity were measured 
as mentioned in the previous section.
Reflux extraction
Similar to the Soxhlet extraction, 20 g of sample were extracted in 200 mL 
of 70% ethanol for 2 h at 80°C using a reflux apparatus [16]. The resulting 
mixture was evaporated under vacuum at 50°C, and subsequently dried 
at 40°C in a vacuum oven to obtain the crude extract. TPC and antioxidant 
activity were measured as described in the previous sections.
High-performance liquid chromatography (HPLC) analysis
HPLC (Shimadzu LC 20AT, Japan) was performed with a C-18 column 
(4.6 mm×250 mm, YMC Triart, Japan) and a UV-Vis diode array under 
the following conditions [16]. Acetonitrile: distilled water: acetic acid 
(89:10:1) as mobile phase with a 1 mL/min flow rate and a 20 µL 
injection volume. The detection wavelength was 254 nm for quercetin, 
280 nm for mahkoside A, and 288 nm for 6,4-DHMP and mangiferin.
Determination of optimal conditions based on TPC
The TPC from each run of each method was input into the Design 
Expert® software to establish a mathematical model and optimize the 
MAE and UAE processes. The optimal conditions were determined 
from multiple non-linear regressions plotted as a three-dimensional 
response surface graph.
Correlation between TPC and antioxidant activity
Pearson’s correlation was employed to identify a possible association 
between TPC (X variable) and DPPH free radicals scavenging, which 
corresponds to the antioxidant activity (Y variable). This was carried 
out with a 5% significance level.
RESULTS AND DISCUSSION
Table 4 shows the results for yield, TPC and DPPH scavenging activity 
for the MAE method under different conditions. The highest yield, 
37.3%, was for run 18, and the lowest, 11.1%, for run 19. Overall, using 
50% ethanol provided higher yields than any other concentration. 
This is possibly caused by the high dielectric constant of water and 
the dissipation factor of ethanol, thus the 1:1 mixture of ethanol-water 
(50% ethanol) is capable to absorb more of the microwave irradiation 
and increase the heat efficiency.
Table 1: Extraction parameters
No. factors Level
−1 0 +1
1. Ethanol concentration (%) 50 65 80
2. Sample–solvent ratio 1:10 1:12 1:14
3. Extraction time (min) 1 2 3
4. Microwave power (%) 30 50 70
Table 2: Composition of the NADES






Choline chloride Lactic 
acid
1:2 NADES-1 [13]
Choline chloride Tartaric 
acid
1:1 NADES-2 [14]
Choline chloride Urea 1:2 NADES-3 [15]
HBD: Hydrogen bond donor, NADES: Natural deep eutectic solvents
Table 3: UAE-NADES variables
No. Variable Level
−1 0 +1
1. Choline chloride: Lactic acid molar ratio 1:2 1:3 1:4
2. Percent addition of water (%) 30 50 70
3. Extraction time (min) 20 40 60
NADES: Natural deep eutectic solvents, UAE: Ultrasonic-assisted extraction
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A sample–solvent ratio of 1:12 had the best yields compared to any other 
ratio. In general, when more solvent is used for an extraction process, 
more crude extract will be obtained. However, the 1:14 ratio probably 
led to a decrease in the absorption of microwave radiation because of 
the excess solvent. Therefore, the extraction process would require 
more microwave power [13]. A combination of the longest extraction 
time (3 min) and intermediate microwave power (50%) resulted in the 
highest yields. This was likely due to an increase in extraction efficiency, 
which has a linear relation with the extraction time [17].
The determination of TPC is based on the reducing capacity of a sample 
using gallic acid as standard. The calibration curve using gallic acid 
yielded the linear equation y=0.0066x+0.1041, r=0.9993. This equation 
and the absorbance of each sample were used to determine the TPC. 
From Table 4, it can be seen that the highest TPC was for run 15, which 
is probably due to the polarity of the solvent (ethanol 65%). A previous 
study showed that the presence of a small amount of water helps the 
solvent to diffuse into cell matrices, improves the thermal conductivity, 
and eases the mass transfer of compounds in the solvent. This was 
also confirmed by Song et al. [18], who extracted the leaves of Ipomoea 
batatas and observed that a 60–80% ethanol-water mixture would 
yield optimal results for the extraction of phenolic compounds.
It is worth noting that a high extraction yield is not equivalent to high 
phenolic content. Most likely, the degradation of thermolabile constituents 
of the sample, such as phenolic compounds, would be prevented if the 
extraction time is short. On the contrary, a longer period of microwave 
radiation, which would result in a higher extraction yield, increases 
degradation. As seen in Table 4, the highest TPC was obtained for 1 min 
of irradiation, while the highest yield was achieved for a 3 min extraction.
Different from the MAE, which used a mixture of ethanol and water as 
solvent, the UAE method was carried out using a NADES. As mentioned 
above, three NADES were prepared with a combination of choline 
chloride and either lactic acid, tartaric acid, or urea (Table 2, NADES-1, 
2, and 3). From these combinations, the best solvent was selected 
according to the TPC results (Fig. 1). The solvent with lactic acid as 
HBD, NADES-1, yielded the best results: TPC=42.38±0.01 mg gallic 
acid equivalents (GAE)/g of powder. This is likely because, compared 
to tartaric acid and urea, lactic acid is a liquid with low viscosity. High 
viscosity in NADES can affect the extraction of phenolic components 
because it can reduce the solubility of compounds [19]. NADES 
containing tartaric acid have a higher viscosity than those with lactic 
acid, resulting in a decreased mass transferability and thus a lower 
TPC [15]. In addition to the viscosity, the polarity of NADES influences 
its ability to extract phenolic compounds [20]. NADES containing urea 
can damage the structure of plant cells, increasing the extraction yield, 
but cannot extract phenolic compounds with a different polarity [14].
NADES-1 was thus selected as solvent in further extraction processes 
to obtain the optimal conditions. It has been reported that the addition 
of water reduces the viscosity of NADES and, as mentioned above, 
this would increase the TPC [21]. Table 5 shows the results of 15 UAE 
experiments; the highest TPC, 65.25±0.01 mg GAE/g powder, was 
achieved in run 6 (1:4 ChCl: LA molar ratio, 50% water, extraction time 
20 min). In contrast, the lowest TPC, 32.55±0.01 mg GAE/g powder, was 
for run 11 (1:2 ChCl: LA, 30% water, 40 min). The viscosity of the solvent 
may be the most important parameter affecting the TPC. However, it is 
likely that an excessive water addition will cause the concentration of 
phenols in the mixture to decrease so that the TPC would also decrease.
In various studies, TPC is positively correlated with the antioxidant 
activity of a sample [22]. In this study, we did not observe a direct 
correlation between these two parameters because the total volume 
from each extraction is different (Table 6). The runs were therefore 
classified according to their volume and analyzed using Pearson’s 
correlation, p<0.05 and r=0.948 were obtained, indicating that TPC is 
indeed positively correlated with the antioxidant activity.
The effect of different extraction variables was analyzed. An ANOVA 
analysis can demonstrate the significance between two factors on one 
response. The results indicate that the ChCl: LA ratio, water percentage, 
and extraction time had a significant effect with p<0.05. Furthermore, 
none of the 15 runs had an antioxidant activity of more than 50%. 
Run 6, which had the highest TPC, showed antioxidant activity of 
26.45±0.02%.











Total phenolic content 
(mg gallic acid 
equivalents/g powder)
DPPH scavenging/
antioxidant activity (%), 
c=100 µg/mL)
1 80 1:10 2 50 15.1 24.38±0.33 27.05±0.28
2 50 1:12 2 30 19.4 29.96±0.09 24.27±0.19
3 65 1:12 3 30 22.7 37.75±0.79 23.29±0.25
4 50 1:12 2 70 18 29.36±0.12 26.60±0.20
5 65 1:10 1 50 18.5 29.84±0.38 24.18±0.09
6 65 1:12 3 70 18.7 31.58±0.41 23.93±0.47
7 80 1:12 1 50 18.9 34.79±0.22 31.69±0.06
8 65 1:10 2 30 17.9 29.58±0.13 22.52±0.39
9 80 1:12 2 70 12.5 22.06±0.20 24.87±0.10
10 80 1:14 2 50 23.4 37.24±0.75 27.86±0.04
11 65 1:12 2 50 31.9 49.64±0.05 25.58±0.22
12 65 1:12 1 70 32.7 43.26±0.10 22.12±0.20
13 65 1:14 2 70 25.2 37.14±0.04 23.25±0.04
14 80 1:12 3 50 30.9 51.93±0.50 25.97±0.26
15 65 1:12 1 30 36.4 62.79±0.74 30.48±0.32
16 80 1:12 2 30 29.1 41.71±0.72 19.42±0.09
17 50 1:14 2 50 16.5 20.22±0.20 17.51±0.14
18 50 1:12 3 50 37.3 58.43±0.18 25.99±0.19
19 65 1:10 2 70 11.1 13.41±0.29 17.84±0.35
20 65 1:14 2 30 12.7 17.97±0.12 18.69±0.22
21 65 1:14 1 50 26 41.46±0.31 26.62±0.10
22 65 1:14 3 50 30.9 38.55±0.41 21.21±0.13
23 65 1:10 3 50 32.6 49.73±0.39 29.49±0.22
24 50 1:12 1 50 16.7 18.65±0.13 17.36±0.18
25 50 1:10 2 50 26.9 39.97±0.15 20.65±0.22
MAE: Microwave-assisted extraction, DPPH: 1,1-diphenyl-2-picrylhydrazyl
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The overall results demonstrate that the MAE-ethanol and 
UAE-NADES methods at the optimal conditions produced a higher 
TPC and antioxidant activity compared to conventional Soxhlet and 
reflux methods (Fig. 2). Although UAE-NADES showed the highest 
TPC, the difference with the MAE-ethanol method is not significant. 
Contrastingly, the latter yielded higher antioxidant activity than 
UAE-NADES, and the difference here was statistically significant. 
Thus, it can be concluded that the best extraction of Mahkota dewa 
(Phaleria macrocarpa) fruits pulp powder was achieved using the 
MAE-ethanol method at 65% of ethanol with a sample: solvent ratio 
of 1:12, with an extraction time of 1 min and microwave power 
of 30%.
Table 5: TPC and DPPH scavenging (antioxidant activity) using the UAE-NADES method




1 1:3 30 20 34.58 25.66±0.38
2 1:4 50 60 54.01 22.37±0.44
3 1:3 70 20 45.26 12.15±0.27
4 1:2 70 40 52.10 18.80±0.02
5 1:2 50 20 44.62 29.06±0.01
6 1:4 50 20 65.25 26.45±0.02
7 1:3 30 60 44.00 30.95±0.02
8 1:3 50 40 62.30 24.84±0.02
9 1:3 50 40 62.00 26.16±0.01
10 1:4 70 40 62.17 21.82±0.01
11 1:2 30 40 32.55 41.33±0.02
12 1:3 70 60 63.58 22.62±0.01
13 1:3 50 40 63.06 25.23±0.02
14 1:4 30 40 42.72 30.43±0.02
15 1:2 50 60 50.77 35.67±0.02
DPPH: 1,1-diphenyl-2-picrylhydrazyl, TPC: Total phenolic content, NADES: Natural deep eutectic solvents, UAE: Ultrasonic assisted extraction, ChCl:LA: Choline 
chloride:lactic acid
Fig. 1: Total phenolic content of Mahkota dewa pulp powder using natural deep eutectic solvents. Cholin chloride: lactic acid 1:2 (ChCl-
LA); cholin chloride: tartaric acid 1:1 (ChCl-TA); cholin chloride: urea 1:2 (ChCl-Ur)
Fig. 2: Comparison of the total phenolic content and antioxidant activity of the Mahkota dewa samples obtained using different extraction 
methods
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Previous studies show that the fruit pulp of Mahkota dewa contains a 
number of secondary metabolites, such as mahkoside A [23], quercetin, 
mangiferin, and several benzophenone derivatives [24]. In this study, 
a qualitative HPLC analysis was performed to identify the presence of 
quercetin, mahkoside A, mangiferin, and 6,4-DHMP in the fruit pulp 
extract.
Fig. 3: Chromatograms of quercetin standard (a) and Mahkota dewa fruit pulp extracts obtained from three different methods: 
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Quercetin (retention time 6.38 min) was found in all the extracts 
obtained from the MAE, Soxhlet, and reflux methods (Fig. 3). Magniferin, 
mahkoside A, and 6,4-DHMP, which are benzophenone derivatives, were 
analyzed at 280 nm [16]. The chromatograms for these compounds 
show peaks at 8.134 and 11.286 min (mahkoside A), 6.173, 8.171, and 
11.338 min (6,4-DHMP), and 8.034, 9.806, 10.714, and 11.168 min 
(mangiferin). The extracts obtained from the MAE, Soxhlet, and reflux 
methods showed four peaks, three of which correspond to the three 
standards.
CONCLUSION
The optimal conditions for the phenolic extraction of P. macrocarpa 
fruit pulp were obtained using the MAE method for a 1 min extraction 
under 30% microwave power, using 65% ethanol, and a sample–solvent 
ratio of 1:12 (w/v). This method was more efficient than conventional 
Soxhlet and reflux methods. Comparing the TPC, its efficiency was 
similar to that of UAE-NADES, but its antioxidant activity was better.
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Table 6: Classification of UAE-NADES experiments from Table 5 
according to the extraction volume
Volume (mL) Run
5 11
10 1, 5, 7, 14, 15
20 2, 4, 6, 8, 9, 13
25 12
50 3, 10
NADES: Natural deep eutectic solvents, UAE: Ultrasonic-assisted extraction
